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Summary
Objectives: To investigate the seroprevalence of childhood brucellosis in Jordan and to elucidate
risk factors associated with seropositivity to Brucella.
Methods: Between January 2001 and October 2006, a cross-sectional study of children aged 15
years was conducted; a total of 1282 serum samples were collected. Serum samples were
analyzed for the presence of antibodies to Brucella antigens using the Rose Bengal plate test
(RBPT) and a direct enzyme-linked immunosorbent assay (ELISA). Risk factors associated with
seropositivity to Brucella antigens were identified by constructing a multivariate logistic regres-
sion model.
Results: Of the 1282 serum samples tested, 119 (9.3%) were positive by both RBPT and ELISA
tests. When adjusted for the sensitivities and specificities of the two tests, the true seropre-
valence was 11.6%. The seroprevalence of Brucella antibodies in Ma’an and Mafraq governorates
was significantly higher than in the other governorates. The logistic regression model identified
male gender (OR 2.5, 95% CI 1.4, 4.1), age older than 10 years (OR 1.8, 95% CI 1.1, 3.9), living in a
village (OR 2.0, 95% CI 1.3, 2.9), and assisting in raising small ruminants (OR 1.6, 95% CI 1.1, 2.6) as
risk factors for childhood Brucella seropositivity in Jordan.
Conclusion: This study documents the importance of brucellosis in children and further empha-
sizes the role of small ruminants as an important source for human infection.
# 2008 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.* Corresponding author. Tel.: +962 2 7201000x22013;
fax: +962 2 7201081.
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Brucellosis is a zoonotic disease that is transmittable from
animals to humans through ingestion of contaminated milk or
milk products or through direct contact with infected ani-
mals. Although brucellosis in domestic animals has been
controlled in most developed countries, it remains an impor-Published by Elsevier Ltd. All rights reserved.
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countries.1 Brucellosis is endemic in Jordan2—4 as well as
other countries in the Middle East,5,6 Mediterranean coun-
tries,7 and South America.7—9
Sheep and goats and their products remain the main
source of infection, and in some areas, cattle are now more
important than pigs as a source of human infection.10 Con-
tamination can be by ingestion, inhalation, or contact with
conjunctiva or traumatized skin by infected animal products.
Dairy workers, shepherds, veterinarians, abattoir workers,
and animal husbandry personnel are at particularly high
risk.11
Epidemiological studies on brucellosis have suggested
that adults more commonly become seropositive than
younger people.11,12 Recently, more attention has been
directed towards childhood brucellosis.5,11—13 The objec-
tives of this study were to investigate the seroprevalence
of brucellosis in children under 15 years of age and to
elucidate risk factors associated with seropositivity to
Brucella antigens.
Materials and methods
Sampling
One thousand two hundred eighty two serum samples col-
lected from children under 15 years of age were used for this
investigation. Some of the samples (482) were collected
randomly during the period between January 2001 and March
2003. These samples were collected from the north of Jor-
dan. The rest of the samples were collected mainly from the
southern part of Jordan during the period between June 2004
and October 2006. All serum samples were obtained from
different private and governmental diagnostic laboratories
located in Jordan. Only blood samples that had normal
hematological values were included in this study. Sample
size was determined based on an expected seroprevalence of
5% and a confidence interval of 95%. All the studied children
were immunocompetent. A simple pre-tested structured
questionnaire was administered to collect information on
place of residence, contact with animals (farm and pets),
and parents’ education.
Serological analysis
All collected child sera were initially screened for the
presence of antibodies against Brucella using the Rose
Bengal plate test (RBPT; Rhoˆne-Merieux, Lyon, France).
Positive and suspected sera were further tested using a
direct enzyme-linked immunosorbent assay (ELISA; JOVAC,
Amman, Jordan).14 The sensitivities of the RBPT and ELISA
tests for the detection of Brucella antibodies in humans are
89% and 90%, respectively; the specificities of the RBPTand
ELISA tests for the detection of Brucella antibodies in
humans are 93% and 97%, respectively. These sensitivities
and specificities were obtained from the manufacturers of
the kits. A positive Brucella serum was defined as a serum
sample with positive RBPT and ELISA results. Positive and
negative human control sera were obtained from Geogra-
phical Population Medicine, Michigan State University, East
Lansing, MI, USA.Statistical analysis
The apparent prevalence was transformed to true prevalence
by adjusting it to the RBPT and ELISA sensitivities and spe-
cificities (in series) using the following equation:15
TP ¼ AP  ð1 S p1Þð1 S p2Þ
Se1Se2  ð1 S p1Þð1 S p2Þ
;
where TP is the true prevalence, AP is the apparent pre-
valence, Sp1 and Sp2 are RBPT and ELISA test specificities,
respectively, and Se1 and Se2 are RBPT and ELISA test sensi-
tivities, respectively.
The Chi-square test was used for all the univariate ana-
lyses in this study. The impact of the different studied
variables on Brucella seropositivity in children was calcu-
lated using a multivariate logistic regression model. Factors
with p  0.05 (two-sided) in the univariate analysis were
entered into the logistic model. A random effect approach
was used in constructing the model to adjust for any cluster-
ing effect. All statistical analyses were performed using SPSS
software version 12 (SPSS Inc., Chicago, IL, USA).
Results
Seroprevalence
Out of the 1282 serum samples tested, 119 (9.3%) were
positive by both RBPT and ELISA tests. When adjusted for
the sensitivities and specificities of the two tests, the true
seroprevalence was 11.6%. Figure 1 shows the levels of
seroprevalence in the 12 governorates of Jordan. The ser-
oprevalence of Brucella antibodies was significantly higher in
Ma’an and Mafraq governorates than in the other governor-
ates.
Risk factor analysis
The univariate analysis revealed six factors associated
( p  0.05) with seropositivity to Brucella antigens
(Table 1). These six factors were entered into the multi-
variate logistic model and factors were backwards elimi-
nated. The logistic model identified male gender (OR 2.5,
95% CI 1.4, 4.1), age older than 10 years (OR 1.8, 95% CI 1.1,
3.9), living in a village (OR 2.0, 95% CI 1.3, 2.9), and assisting
in raising small ruminants (OR 1.6, 95% CI 1.1, 2.6) as risk
factors for Brucella seropositivity in children in Jordan
(Table 2).
Discussion
Most of the epidemiological investigations regarding human
brucellosis in Jordan have concentrated on studying the
disease in adult persons and people at high risk, such as
farmers, veterinarians, and slaughterhouse personnel.16—18
This study is the first cross-sectional study to address the
prevalence and risk factors associated with childhood bru-
cellosis in Jordan.
The true seroprevalence of brucellosis in children in
Jordan was found to be 11.6%. This prevalence is slightly
higher than that reported in adults in Jordan.18 On the other
Figure 1 Seroprevalence of childhood brucellosis in the different governorates of Jordan. The map was produced using ArcGIS1
version 9.2 (ESRI, St. Paul, MN, USA).
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individuals.16,17 As compared to other Middle Eastern coun-
tries, this prevalence is significantly lower than that reported
in Saudi Arabia5 and similar to that reported in Iraq,12 Israel,7
and Egypt.19
In this study, the seroprevalence of childhood brucellosis
was found to be significantly higher in Mafraq and Ma’an
governorates compared to the other governorates. Studies
on the epidemiology of brucellosis in small ruminants and
camels in Jordan revealed similar findings for these two gov-
ernorates.2—4 This means that people living in those two
governorates are more exposed to Brucella originated from
infected livestock. The association between the incidence of
animal and human brucellosis has been documented before.20
Our data suggest that male children are more likely (OR
2.5, 95% CI 1.4, 4.1) to be Brucella seropositive than female
children. The direct involvement of male children in small
ruminant and dairy cattle farming render them at higher riskfor contracting brucellosis. In addition, children older than
10 years of age were found to be at high risk for contracting
brucellosis (OR 1.8, 95% CI 1.1, 3.9). Children younger than 10
years of age are not usually allowed to work with animals,
thus reducing their risk for contracting brucellosis.
We also found place of residence to be a risk factor for
Brucella seropositivity in children. People living in villages
are more involved in small ruminant farming and, therefore,
are more exposed to infected materials (OR 2.0, 95% CI 1.3,
2.9). Similar observations have been reported in Egypt20 and
Iraq.12
The univariate analysis in this investigation suggested
parent education (especially mother’s education) as a pro-
tective factor for brucellosis. The relationship between
family education and lower levels of brucellosis has been
reported previously in Egypt.20 Educated mothers are more
likely to impose strict sanitation procedures on their children
and to educate them on how to deal with raw milk.
Table 1 Classification of children as Brucella seropositive or seronegative with respect to different exposure factors
Factors Category n Brucella seropositivity OR
No. positive No. negative
Gendera Male 780 96 684
Female 502 23 479 2.92
Age (years) a <5 122 1 121
5—10 562 50 512 0.04
11—15 598 68 530 0.76
Place of residencea Village 499 60 439
City 783 159 624 1.53
Assisting in raising small ruminants a Yes 399 56 343
No 883 63 820 2.12
Assisting in raising dairy cattle Yes 132 13 119
No 1150 106 1044 1.08
Drinking milk from local dairy shopsa Yes 450 42 408
No 832 77 755 1.01
Presence of pet in the household Yes 381 35 346
No 901 84 817 0.98
Father’s education Illiterate 132 9 123
Basic school 388 38 350 0.67
High school 461 41 420 0.75
Higher education 301 31 270 0.64
Mother’s educationa Illiterate 201 14 187
Basic school 409 42 367 0.65
High school 466 46 420 0.68
Higher education 206 17 189 0.83
OR, odds ratio.
a Factors with p  0.05 by Chi-square univariate analysis.
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uate both the presence of a disease and risk factors
associated with the disease at the same time. Therefore,
cross-sectional studies take a snapshot of the situation at aTable 2 Multivariate logistic regression analysis of factors
associated with Brucella seropositivity in children in Jordan
Factors B OR 95% CIOR p
Constant 1.1 - - 0.0001
Gender
Female - 1.0 - -
Male 1.2 2.5 1.4, 4.1 0.002
Age (years)
<5 - 1.0 - -
5—10 2.1 0.8 0.2, 0.9 0.08
11—15 1.7 1.8 1.1, 3.9 0.05
Place of residence
City - 1.0 - -
Village 1.9 2.0 1.3, 2.9 0.031
Assisting in raising small ruminants
No - 1.0 - -
Yes 0.9 1.6 1.1, 2.6 0.044
Likelihood ratio Chi-square = 42.1 (d.f. = 12). Model
deviance = 10.1 (p = 0.21). The variance (standard error) of
the random effect and the residual effects were 0.022 (0.004)
and 0.013 (0.003), respectively. R-square between and within
variables were 0.58 and 0.19. Overall R-square was 0.82.specific moment in time.15 In this study, the survey took
place at two different times and at two different locations.
Each location (northern or southern Jordan) was only
surveyed once. In addition, and because of the social
difficulties that prevented us from sampling children in
their homes, we collected the blood and related informa-
tion from the hematology laboratories distributed through-
out Jordan. This fact may have created a selection bias in
the sense that those children were sick at the time of
sampling. However, including only children with normal
hematological values in the study minimized this
uncontrollable bias.
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